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Wednesday, February 19, 2014 775aDCM-causing mutation ACTC E361G uncouples this relationship. Here, we
determine whether this also happens in heart muscle myofibrils producing iso-
metric force. We know that TnI and MyBP-C phosphorylation levels are high
in normal mouse heart (1.1 mol Pi/mol TnI). To reduce the phosphorylation
level of TnI and MyBP-C, mice were injected with a high dose of propranolol
which reduced of both TnI bisphosphorylation and MyBP-C phosphorylation
by at least 95%. Then we measured contraction in single myofibrils with a
Ca2þ-jump protocol using a range of Ca2þconcentrations. The Ca2þ-sensitivity
of isometric force and the kinetics of tension development and relaxation for
the ACTC E361G TG mouse myofibrils were compared with WT. Modulation
of the Ca2þ-sensitivity by changes in sarcomere length and by the Ca2þ-sensi-
tizer EMD 57033 was further investigated.
The maximum isometric force and the tension development rate was the same
for phosphorylated and dephosphorylated WT and ACTC E361G mouse myo-
fibrils. The ACTC E361Gmyofibrils had higher Ca2þ-sensitivity of force devel-
opment then WT. Despite that, the magnitude of length dependent activation
was well preserved in ACTC E361G myofibrils. Essentially, while the Ca2þ-
sensitivity of isometric force was increased 1.4-fold when WT myofibrils
were dephosphorylated, the ACTC E361G Ca2þ-sensitivity was not altered
by dephosphorylation. Additionally, comparing dephosphorylated WT vs
WT, the relaxation rate was 1.3-fold slower but dephosphorylation did not
change the kinetics of E361G myofibril. Changes in Ca2þ-sensitivity were
correlated with changes in relaxation rate. Thus the ACTC E361G mutation
uncoupled Ca2þ-sensitivity and lusitropy from the level of TnI and MyBP-C
phosphorylation in intact myofibrils.
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The sarcomere is the functional unit of the heart. Alterations in sarcomere acti-
vation lead to disease states such as hypertrophic and restrictive cardiomyopa-
thy (HCM/RCM). HCM is the most common monogenic cardiovascular
disease, affecting 1:500 and is the leading cause of death in young athletes.
Mutations in many of the sarcomeric genes are causal for HCM. In most cases,
these mutations result in increased calcium sensitivity of the sarcomere giving
rise to altered systolic and diastolic function. We show here that sarcomere
neutralization therapy, with the calcium desensitizer W7, is a potential thera-
peutic strategy for HCM/RCM. W7 has previously been shown to decrease
calcium sensitivity of the sarcomere through binding to cTnC and altering
cTnI-cTnC interactions. Acute treatment of adult cardiac myocytes with W7
caused a dose-dependent (1-10 mM) decrease in contractility, independent of
calcium transient changes. Alkalosis was used as an acute model of heightened
calcium sensitivity, resulting in increased contractility and decreased baseline
sarcomere length. Treatment with W7 in alkalosis remediated both phenotypes.
R193H cTnI transgenic (Tg) myocytes were used as a model of RCM. R193H
cTnI Tg myocytes display significant decreased baseline sarcomere length and
slowed relaxation. Acute treatment with W7 dose-dependently increased base-
line sarcomere length and remediated the slowed relaxation. Langendorff
perfused whole heart pacing stress was used to study W7 effects at the organ
level. R193H cTnI transgenic hearts had elevated end diastolic pressures at
all stimulation frequencies compared to nontransgenic mice. Acute treatment
with W7 restored normal end diastolic pressures throughout pacing in
R193H cTnI transgenic mice. These results provide evidence that drug-based
sarcomere neutralization therapy is a potential new approach to remediate
hyper-calcium sensitive sarcomere function evident in acquired (respiratory
alkalosis) and inherited (HCM/RCM) cardiac diseases.
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Protein kinase C phosphorylation of S43/45 on cardiac troponin I (cTnI) in-
creases during periods of cardiac stress to modulate cardiac myocyte contractile
performance, but the functional impact of this phosphorylation remains con-
troversial. Adenoviral gene transfer of phosphomimetic cTnIS43D, cTnIS45D
or cTnIS43/S45D into adult rat myocytes produced partial replacement and
non-additive alterations in contractile function 2 days after gene transfer.
More extensive replacement of endogenous cTnI is observed by 4 days along
with an adaptive functional response in the form of accelerated shorteningand re-lengthening. The present study focused on identifying the adaptive
responses observed in myocytes expressing these phospho-mimetic cTnI sub-
stitutions. Adaptations due to intramolecular communication within cTnI
were investigated by measuring cTnIS23/24 phosphorylation in myocytes ex-
pressing cTnI with S43D, S45D, and S43/45D. Increased expression of these
phosphomimetics elevated cTnIS23/24 phosphorylation compared to controls.
Western blot analysis also indicated intermolecular interactions contributed to
this adaptive response, as phosphorylation of S282 on cardiac myosin binding
protein C (cMyBP-C) and S16 on phospholamban (PLB) increased signifi-
cantly in myocytes. The increased PLB phosphorylation correlated with
changes in Ca2þ cycling observed in these myocytes compared to controls.
Additional studies performed under acidotic stress produced similar changes
in the phosphorylation of cTnIS23/24. Ongoing studies are testing whether
similar changes in cMyBP-CS282 develop with acidosis. The underlying
signaling mechanism responsible for this change in phosphorylation turnover
is currently under investigation. Overall, these results suggest cTnI substitu-
tions and cellular stress initiate intramolecular and intermolecular communica-
tion to generate an adaptive myofilament response. The shared response
produced by cTnI substitutions and cellular acidosis suggests this communica-
tion may be important for understanding the myofilament response under con-
ditions of contractile dysfunction.
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Missense mutations in the TNNC1 gene encoding cardiac and slow skeletal
troponin C (c/ssTnC) are associated with phenotypic outcomes of hypertrophic
cardiomyopathy (HCM). Since the impact of HCM c/ssTnC mutations during
skeletal muscle development and function is unknown, we addressed whether
changes in the myosin heavy chain (MHC) isoforms can occur outside of the
heart. We hypothesized that the ratio of MHC I to MHC II in various skeletal
muscles change due to an HCM-associated c/ssTnC A8V mutation in a knock-
in homozygous mouse (KI-TnC-A8Vþ/þ). The distribution of MHC I/II iso-
forms in diaphragm (D), soleus (S), tibialis anterior (TA), extensor digitorum
longus (EDL) and quadriceps (Q) isolated from 3- and 9-month (mo) old
male WT and KI-TnC-A8Vþ/þ mice were analyzed by glycerol SDS-PAGE.
The muscle/body weight ratio (M/BW) and running capacity were also
measured. At 3 mo, MHC isoform switching was observed in D (increased
MHCIIb), S (decreased MHCIIa, increased MHCI) and EDL (increased
MHCIIa/x, decreased MHCIIb) of KI-TnC-A8Vþ/þ compared to WT. TA M/
BW is increased in 3- and 9-mo KI-TnC-A8Vþ/þ mice compared to WT at
the same age. Pairwise comparison of M/BW from 3- vs 9-mo KI-TnC-
A8Vþ/þ mice showed a significant decrease for TA and Q and an increase
for EDL, and no change for any WT muscles. In running tests, KI-TnC-
A8Vþ/þ mice had a lower capacity to run distances compared to WT (281 vs
413 meters). Thus, changes in MHC isoforms in the skeletal muscles of mice
expressing c/ssTnC A8V are associated with reduced exercise endurance, sug-
gesting that skeletal muscle remodeling may contribute to the development
of HCM phenotype. Future studies will examine MHC isoforms at 9 mo
and Ca2þ-activated myofibrilar Mg2þ-ATPase rates from skeletal muscles in
KI-TnC-A8Vþ/þ mice.
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Rationale: Cardiac myosin binding protein-C (cMyBP-C) has three phosphor-
ylatable serines at N-terminus (Ser-273, Ser-282, and Ser-302) and phosphor-
ylation states of these serines may alter the thick filament structure and
function. Phosphorylation of these serines in cMyBP-C may also alter sarco-
mere length-dependent modulation of contractile force development (LDA),
which would be expected to modulate the Frank-Starling Law of the Heart.
Objective: To analyze length dependent activation in cMyBP-C for nonphos-
phorylated and phosphomimetic states of serines 273, 282, 302 and to study
the contribution of cMyBP-C in regulating cardiac contraction at different
sarcomere lengths.
Methods & Results: We studied the force-Ca2þ relationship in skinned myo-
cytes isolated from (a) nonphosphorylated alanine transgenic mice (cMyBP-
CAAA), (b) phosphomimetic aspartic acid transgenic mice (cMyBP-CDDD),
and normal cMyBP-CWT mice at 2.0 and 2.3 mm sarcomere length (SL).
At short SL, Ca2þ sensitivity was similar in all groups. However, Ca2þ sensi-
tivity was increased in the cMyBP-CAAA group compared to either the WT or
776a Wednesday, February 19, 2014the cMyBP-CDDD group. Similar results were obtained for maximum force
development. As a consequence, LDA was blunted (~40%) in cMyBP-
CAAA myocardium. There were no differences in the level of cooperativety
as indexed by the Hill coefficient in any group.
Conclusion: Phosphorylated cMyBP-C has been shown to contribute to regu-
lation of cardiac sarcomere function via modulation of the cMyBP-C-actin
interaction as well as the disposition of the cross-bridges in relation to the
thin filament. Moreover removal of cMyBP-C results in blunted LDA, and a
cardiac dysfunction that can be prevented by cMyBP-CDDD but not
cMyBP-CAAA. Our data showed that lack of cMyBP-C phosphorylation re-
sults in blunted LDA, similar to that found previously in the absence
cMyBP-C. We conclude that cMyBP-C phosphorylation modulates myofila-
ment length dependent activation, possibly via modulation of the cMyBP-C
interaction with actin.
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Dahl salt-sensitive (SS) rats were weaned at 3 weeks of age onto either a high
salt diet (4% NaCl) or a normal diet (0.4% NaCl) until termination at 12 weeks
of age. Blood pressure measurements, recorded using implanted telemeters,
showed a hypertensive response in the high-salt group (MAP = 137 5 6
mmHg) compared to the normal diet group (MAP = 1195 1 mmHg). Compen-
sated hypertrophy was seen in the high-salt group where the wet weights of the
hearts were heavier (1.88 5 0.03 g versus 1.50 5 0.05 g) and the LV walls
were thicker (5.565 0.14 mm versus 4.485 0.12 mm). To investigate the ef-
fects of the high salt diet on the mechano-energetics of the heart tissue, trabec-
ulae from the left ventricle were isolated and transferred to a work-loop
calorimeter where force production, length change and heat output were simul-
taneously measured. The experiments were performed at 32C and the trabec-
ulae were stimulated at 3 Hz. Preliminary results show that there are no
statistically significant differences in the peak active stress (625 6 kPa versus
525 6 kPa), peak work (1.675 0.21 kJ m3 versus 1.325 0.16 kJ m3) or
peak mechanical efficiency (16.2 5 1.1% versus 13.7 5 1.0%) between the
high-salt and normal diet groups, respectively. Hence, despite evidence of
hypertension and hypertrophy in the hearts of SS rats fed a high-salt diet, there
appear to be no significant differences in the mechano-energetic performance
at the tissue (trabecula) level. The data from our experiments are used to
parameterize thermodynamically constrained models of cross-bridge kinetics
and whole-cell bioenergetics to determine the relationships between model
parameters and key experimentally-determined outputs such as work and
efficiency.
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During exercise, the muscles’ energy demand increases with increasing work
load. In humans, the relationship between work load and oxygen uptake is
linear until the maximal oxygen uptake (VO2max) is reached and higher exercise
intensity requires additional anaerobic energy supply. VO2max is thought to
reflect the maximum oxygen transport capacity of the cardiovascular system.
We show that at room temperature normal mice could triple running speed at
25% inclination after reaching VO2max in spite of very modest increase of
anaerobic muscle metabolism. In mice with cardiac dysfunction due to cardiac
disruption of the Serca2 gene (S2KO), VO2max was reduced from week4 to
week6 after gene disruption in parallel with progression of cardiac dysfunction.
However, S2KO mice maintained maximal running speed at the same the level
as the controls. Thus, paradoxically, running economy was better in S2KO than
in controls. In S2KO, blood lactate was almost double of that of controls and
respiratory exchange ratio was near 1, indicating greater reliance on anaerobicmetabolism. However, heat production was lower in S2KO than in controls as
reflected by tail temperature. Activity of BAT measured by fluoro-
deoxyglucose using PET was reduced by 6057% during running in controls
and by 8253% in running S2KO mice.
In mice, the oxidative metabolism in non-muscle tissue, mainly in BAT, is
reduced during exercise to provide more oxygen to the working muscles.
This redistribution of oxygen delivery leaves the total VO2 unchanged over
a wide range of exercise intensities. When cardiac output and VO2max are
abnormally low, exercise intensity can be maintained since muscles can
utilize the oxygen normally used by non-muscle tissue such as BAT. We
conclude that oxygen consumption of skeletal muscle and BAT is regulated
in a reciprocal way.
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Stimulation of GS-protein coupled receptors leads to an increase of the second
messenger cyclic adenosine monophosphate (cAMP). In cardiomyocytes the
GS-signaling cascade is involved in positive regulation of chronotropy and
contractility but chronic GS stimulation can also induce cardiac hypertrophy
or arrhythmia.
Experimentally, the GS-signaling cascade can be activated by ß-receptor ago-
nists but diffusion of drugs does not allow the precise control of location and
timing. To overcome these limitations we used the optogenetic protein JellyOp,
a directly GS-coupled, light-sensitive receptor (Bailes et al. PloS One, 2012) to
activate GS-signaling by light.
Illumination of JellyOp expressing HEK 293 cells resulted in elevation of
cAMP levels without detectable dark activity. Cardiomyocytes were differen-
tiated within embryoid bodies (EBs) from transgenic mouse embryonic stem
cells that express JellyOp under control of the ubiquitous chicken ß-actin pro-
moter. Spontaneously beating EBs were analyzed at day 13 of differentiation
by infrared video microscopy. Brief illumination (20 sec, 470 nm, 166.7 nW/
mm2) increased beating frequency to 12395349% of baseline (n¼3) which
returned to baseline after termination of illumination. The lowest effective light
intensity was of 9.1 nW/mm2 resulting in frequency acceleration to 4285131%
of baseline and the shortest effective illumination was 1 sec. Similar to dose-
response-curves of receptor agonists, light-induced frequency acceleration
showed a sigmoid dependence on light-intensity with a half maximal light in-
tensity of 33.5 nW/mm2. Direct comparison showed that the rate of frequency
increment was much faster using illumination (13.953.1%/s) than using
perfusion with the ß-receptor agonist isoprenaline (2.751.5%/s) but both stim-
ulations led to a similar response in frequency elevation.
In summary optogenetic JellyOp activation in cardiomyocytes enables the stim-
ulation of the GS-signaling pathway with high temporal precision and will be
useful to investigate temporal and site-specific effects of physiological and
pathophysiological GS-activation.
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Differences in compartmentation of cAMP signaling were compared in adult
rat cardiac ventricular myocytes and HEK293 cells. The freely diffusible
Epac2-camps FRET-based biosensor was used to monitor cAMP responses
in the bulk cytoplasmic compartment of these cells, while Epac2-MyrPalm
and Epac2-CAAX versions of the probe were used to measure subcellular
cAMP responses associated with lipid raft and non-lipid raft domains of
the plasma membrane, respectively. Stimulating raft associated beta-
adrenergic receptors (bAR) or non-raft associated E-type prostaglandin recep-
tors (EPR) elicited markedly different cAMP responses in the two cell types. In
HEK293 cells, maximal bAR or EPR stimulation produced saturating cAMP
responses in all three domains. In cardiac myocytes, maximal bAR stimulation
produced non-saturating responses in all three domains. However, EPR stimu-
lation produced responses that were smaller, transient, and more consistently
observed in non-lipid raft and bulk cytoplasmic domains. There were also sig-
nificant differences in the pattern of basal cAMP activity associated with the
different microdomains of the two cell types. Direct inhibition of adenylyl
cyclase (AC) activity with MDL12330A (MDL) only produced a decrease in
basal cAMP activity in non-lipid raft domains of HEK293 cells. However,
MDL inhibited basal cAMP activity in non-lipid raft domains as well in the
bulk cytoplasmic compartment of cardiac myocytes. In cardiac myocytes,
responses detected in all three locations were significantly more sensitive to
inhibition of phosphodiesterase (PDE) activity. However, in HEK293 cells,
